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s JSC turns its attention to
the International Space
Station, equipment must be
upgraded to support train-
ing for long-duration mis-

sions. The Weightless Environment
Training Facility has done just that,
and is reaching farther to develop
new training aids for the astronauts
who will support space station.

Last month, a new WETF Remote
Manipulator System, or WRMS,
passed its operational readiness
inspection, taking weightlessness
training to new depths. The new
arm replaces a 10-year-old arm that
had reached the end of its life cycle
due to corrosion and other old age
problems. While the old arm was
revolutionary in its day, the new
design offers enhanced mechanical,
structural and control capabilities. 

“The new WRMS is primarily tita-
nium and is resistant to corrosion in
the pool’s water and chemicals,”
said Carolyn Fritz, project engineer
in the Flight Crew Support Division.
“The new arm is volumetrically simi-
lar to the remote manipulator arm on 
the orbiter. It was designed for a tip
load of 200 pounds, that is four times
the capacity of
the old arm.”

Even with the
new tip load, the
new arm weighs
300 pounds less
than its older
counterpart. 

“For crew
training purpos-
es, it was nec-
essary to design
the arm so that
it was volumetri-
cally no bigger
than the arm on
the orbiter,” said David McMahon,
mechanical design engineer from
Johnson Engineering in charge of
the structural design of the arm.
“This was very challenging since
the flight arm is designed to oper-
ate in microgravity and cannot
even pick itself up (on the ground).
This necessitated a lightweight
design with joints that could pro-
duce high torque from a small
package.”

The project began in October of
1992 with a team from the Flight
Crew Support Division and Johnson
Engineering. The team chose sever-
al software packages to aid in the
design process.

“The group chose a well-integrat-
ed design system, resulting in a very
efficient design process that was
one of the keys to the project’s suc-
cess,” McMahon said.

To optimize weight savings, the
team began designing the new arm
from the tip of the arm and worked
its way back toward the shoulder. A
simple design and easy mainte-
nance were major goals of the team
and were accomplished with welded
segment for the structural elements
and a modular design for each joint. 

The structural design began with
the development of a loads pro-
gram to calculate joint forces and
torques. The team determined this
was not an easy task since the arm
moves in and out of the water dur-
ing operation and changes the
loading of the arm. Using finite ele-
ment analysis and the calculations

from the loads program the team
designed lightweight modules that
could be welded and post
machined to provide accuracy.
Because there are fewer nuts and
bolts, the arm can be quickly taken
apart and serviced. 

“The overall design has signifi-
cantly fewer pieces than the older
version. We feel we have succeed-
ed in producing a design that is ele-
gant in its simplicity,” said
McMahon. “The new arm can be
serviced in an estimated fourth of
the time of the old arm.”

Fritz and McMahon, with the help
of John Haas, developed the
mechanics of the arm. The arm is
hydraulic and uses magnetically
coupled resolvers for position feed-
back. Each joint is designed differ-
ently to optimize performance. The
hydraulic fluid works at 3,000
pounds per square inch and is
water soluble.

“The difficult part of the project
was coming up with a combination of
actuators suitable to the WETF envi-
ronment,” said Haas, Johnson
Engineering’s mechanical engineer. 

Actuators are devices that control
the fluid power to the rotary motor. 

“The wrist uses helical planetary
rotary actuators,
the elbow  incor-
porates a linear
actuator con-
nected to a four
bar link arrange-
ment, the shoul-
der pitch joint
directly con-
nects two struc-
tural elements
and the shoul-
der yaw joint
uses a rotary
vane style actu-
ator,” Haas said.

“The wrist and shoulder yaw actua-
tors are integral structural members
housing the associated bearing
assemblies.”

The team also had to decide how
the arm would operate. Using two
486 PCs and two programmable
logic controllers, the team devel-
oped a graphical user interface that
allows the operator to select modes
at the click of a mouse. 

“Once a mode is selected, a pair
of flight-like hand controllers is
used to control the arm,” said
Rusty Crawford, project lead and
control system engineer from
Johnson Engineering. “The system
also includes switches, indicators,
a hydraulic pump and emergency
shut down. A real-time Windows-
based engineering simulation and
modeling application was used to
develop control schemes and
allowed real-time changes.”

Most of the new arm’s parts were
contracted out for fabrication with
the help of the Manufacturing
Materials and Process Technology
Division and Johnson Engineering.
As parts came in, the team assem-
bled, tested and installed compo-
nents. With certification complete,
the team is now looking at its next
project, the Space Station Remote
Manipulator System that will be
developed for the new Sonny
Carter Training Facility.

“The best part of the project is
that we came in under budget and
gave the taxpayer good value for
their money,” Haas said. 
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Weightless Environment
Training Facility installs
new underwater robot arm

Top to bottom, left to right:

1)   The WRMS demonstrates
that it has the ability to oper-
ate out of the water, increas-
ing the east of maintenance.

2)  Three of the WRMS team
members don scuba gear 
to check out the arm’s ability
to grapple a test article. 
From left are John Haas,
David McMahon and Rusty
Crawford.

3)  The trio watches as the
arm lifts the test article in the
underwater payload bay
mock-up.

4)  Rusty Crawford mans 
the WRMS control panel
in Bldg. 29.

5) Rusty Crawford attaches a
lift bag to the WETF Remote
Manipulator System. The bag
is used to help remove the
underwater arm from the
water for adjustments and
maintenance.

6)  The WRMS team poses
with its creation. Front row,
from left: Crawford,
McMahon, Haas and Fred
Robinson. Back row, from
left: Mike Schattel, John
Costales, Carolyn Fritz, 
Mo Ahmadian and Benny
Matusek.
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